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[57] ABSTRACT

An apparatus for continuous production of seam-
welded steel tubing is proposed. The apparatus includes

 a series of shaping rolls for shaping a strip taken out

from a strip coil into a tubular intermediate product, the
roll series including a finpass roll group. The tubular
product is subjected to seam welding under the action
of a seam welder. Before arrival at the welder, a sub-
stantial main part of the preformed tubing with excep-
tion of opposing edge zones thereof is subjected to
heating by a heater compensate for excess compressive
stresses induced in the edge zones, while these zones are
subjected to cooling by a cooler for avoiding otherwise
formation of disadvantageous edge wavings which
would otherwise occur.

19 Claims, 3 Drawing Sheets
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METHOD OF AND APPARATUS FOR
CONTINUOUS PRODUCTION OF
- SEAM-WELDED METAL TUBING

BACKGROUND OF THE INVENTION
This invention relates to a method of and an appara-

tus for continuous production of seam-welded metal,

preferably steel, tubings.

In the art of continuous manufacture of seam-welded
steel pipes, a steel strip stock is taken out from a strip
coil and subjected to a tube-shaping step and then fi-
nally to a seam-welding step. Before seam-welding, and
- thus during the tube-shaping step, preliminary heating
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of substantial part of the tubular intermediate product

with exception of marginal zones along the opposing
longitudinal edges is carried out for releasing residual
compressive stresses due to plastic strain induced within
said marginal zones in the tube-shaping step, said
stresses resulting in disadvantageous formation of what
is known as edge wavings or buckling among those
skilled in the art, as will be described more fully herein-
after. |

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to
provide a method of and an apparatus for continuous
production of seam-welded metal tubing, capable of
suppressing the formation of edge-wavings to a possible

For fulfillment of the above and further objects of the
invention, it is proposed according to the invention to
provide a method of continuous production of a seam-
welded metal tubing, comprising the steps of: feeding a
metal strip unwound from a strip coil; shaping the metal
strip being fed into a preformed tubing having its longi-
tudinal edges arranged in an opposing and abutting
relationship, by means of a series of roll groups ar-
ranged substantially in line; welding the opposing longi-
tudinal edges while the preformed tubing is being fed
forward; heating, before the welding is carried out, a
substantial part of the preformed tubing being fed with
exception of edge zones including the longitudinal
edges, to a temperature approximately 50° to 200° C.
higher than room temperature; and cooling concur-
rently with the heating the edge zones of the preformed
tubing being fed to keep the edge zones at a temperature
of from room temperature to a temperature lower than
the room temperature by approximately 50° C.

Further, according to the invention, there is provided
-an apparatus for continuous production of a seam-
welded metal tubing, said apparatus comprising; a series
- of roll groups arranged substantially in line for shaping
a metal strip unwound from a strip coil into a preformed
tubing having its longitudinal edges arranged in an op-
~ posing and abutting relationship; means for welding said
~ opposing longitudinal edges while the preformed tubing
is being carried forward; means arranged in an upstream
position from said welding means for heating a substan-
tial part of the preformed tubing with exception of edge
zones including said longitudinal edges of the tubing;
and means arranged along the path of said longitudinal
edges and substantially in parallel to said heating means
for cooling said edge zones.

These and further objects, features and merits of the
invention will become more apparent as the description
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proceeds with reference to the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a schematic perspective view of a conven-
tional seam-welded metal tubing manufacturing plant
which constitutes the technical starting point of the
present invention; |

FIG. 2 1s a schematic elevation view of a strip coil
and a strip unwound therefrom and being shaped into a
preformed tubing;

FIG. 3 is a plan view thereof:

FIG. 4 is a diagram showing temperature distribution
in the case of a conventional apparatus;

FIG. 3 is an enlarged elevation of an essential part of
the apparatus in accordance with the invention;

FIG. 6 1s a perspective view showing the essential

~ part of the apparatus of FIG. 5;
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FIG. 7 1s a diagram similar to FIG. 4, however, in the
case of the present invention;

FIG. 8 1s a view similar to FIG. § showing, however,
in the case of a first modification of the main and stan-
dard embodiment shown in FIGS. § and 6; and

FIG. 9 1s a view similar to FIG. 8, illustrating, how-
ever, a second modification of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Before entering into a detailed description of pre-
ferred embodiments of the present invention, a related
prior art apparatus as is disclosed in Japanese Laid-
Open Patent Publication, unexamined, No. Sho-58-
184073, published Oct. 27, 1983 will be set forth with
reference to FIGS. 1 through 3.

As is shown in FIG. 1, a steel strip 1 is previously
wound in the form of a coil 1a.

The strip 1 i1s unwound from the coil 1a through a
plurality of guide rollers 2a; edge guides 2b, 2¢; and
further through shaping roller pairs 2 and a finpass
roller group 3 for performing a strip-rounding up and
strip edge butt-joining work in succession, so as to pro-
vide a continuous rough tubing stock 16. The longitudi-
nal edges of the strip 1 are shown at 4, 4 positioned close

- together upstream of the finpass roller group 3. At a
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certain distance from the latter, there is provided a
conventional heating means 5 for welding together the
opposing longitudinal edges 4, 4 to provide a continu-
ous seam-welded tubing.

As i1s commonly known, the material of the stock is
subjected to higher, plastic tensile stresses T in proxim-
ity of the longitudinal edges 4, 4 than those at the other
remaining portions 6 during the tube-shaping step, and,
therefore, at the finpass zone, residual compressive
stresses will be generated in the proximity of the edges
4, 4, while residual tensile siresses will appear in the
remaining part 6 of the tubular stock, thus giving rise to
formation of what is known as edge wavings or buck-
ling among those skilled in the art in the proximity of
these edges due to resulting buckling loads. It has been

experienced that the seam-welding operation is consid-

erably disturbed by the very presence of such edge
wavings, if any.

In the conventional technique, the stock material at
said other remaining areas 6 is subjected to a heat treat-
ment so as to introduce a corresponding thermal expan-
sion thereinto during the processing steps including the
tube-shaping and seam-welding for the purpose of re-
leasing the excessive residual compressive stresses oth-
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erwise appearing in the edge regtons and to suppress the
delicate and troublesome formation of edge wavings, as

disclosed in U.S. patent application Ser. No. 754,202.
It should be noted that when the generation of the
aforementioned kind of edge wavings is to be sup-

pressed under utilization of specifically induced thermal

stresses in the above-mentioned manner, the following
problems have been encountered. More specifically, it

has been observed that the thermal stresses intentionally
induced for release of the compressive stresses origi-
nally appearing in the proximity of the strip edges de-
pend upon the temperature difference AT (FIG. 4) as
measured between the highest temperature at the
heated area of the tubing stock and the temperature at
the marginal areas including the longitudinal edges 4, 4,
and that upon heating of only the substantial part of the
stock with the exception of the marginal areas including
the longitudinal edges, these areas are subjected to a
considerable temperature increase as shown in FIG. 4
by virtue of the presence of heat conduction, resulting
in an insufficient temperature difference AT. In FIG. 4,
“O” represents the lower central position of the tubing
stock, while “P” represents the extreme end of the edge
zone 1n a cross section of the stock.

As a countermeasure, it would be conceivable to
elevate the maximum heating temperature T'max. How-
ever, if this maximum heating temperature Tmax is
raised too much, a considerably appreciable reduction
of the quantity of liquid used for cooling and lubricating
of the tubular stock surface would necessarily be invited
due to excessive evaporation of the liquid, which gives
rise in turn to an increase in the shaping torque and
hence to difficulty in shaping. Therefore, there is a
substantial limitation in this countermeasure.

A preferred embodiment of the invention will now be
described with reference to FIGS. 5 and 6, and in com-
bination with FIG. 1.

Numeral 1) represents a tubular intermediate product
or preformed tubing, as was referred to hereinbefore,
which has been shaped from a metal strip 1 by passage
through a series of shaping roller pairs 2 and is now kept
in the finpass zone, when seen at a certain instantaneous
moment, although, in practice, the strip or web 1 and
the tubing 16 are continuously fed forward. Welding
means 5 1s provided as in the prior art.

Numeral 10 represents an arcuate heating means dis-
posed circumferentially around the tubing 156 and
adapted for heating a substantial part of the tubing 15
with the exception of the edge zones including the op-
posing edges 4, 4. As the heating means 10, any suitable
conventional heater, such as a high frequency induction
heater, gas burner(s) or infrared radiation heater, may
be adopted. The heating means 10 is disposed over the
lowest part of the tubing 1b and substantial areas of the
lateral parts thereof as shown. The temperature of heat-
ing by the heating means 10 is such as to heat the sub-
stantial part of the preformed tubing to a temperature
which is higher than room temperature by approxi-
mately 50° to 200° C. The substantial part to be heated
is, for example, approximately 75% of the circumferen-
t1al dimenston of the tubing 16 and the temperature of
heating is, for example, approximately 100° C. in the
case where the thickness of the strip 1s between 0.75%
and 1% of the diameter of the tubing and the forming
apparatus is of standard type.

Numeral 11 represents cooling means disposed along,
and adapted for cooling the edge zones of the tubular
stock 1b. As the cooling means 11, any suitable conven-
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4

tional cooler, such as an air jet cooler; water jet cooler
or liquefied nitrogen gas cooler may be adopted. A pair
of cooling means 11 are provided along the respective
paths of the edge zones to prevent temperature rise of
the latter in the embodiment shown, but a single cooling

means may be provided for cooling both the opposite

edge zones instead of a pair of heating means. The cool-
ing means 11 is such as tc keep the edge zones at a
temperature of from room temperature to a temperature

lower than the room temperature by approximately 50°
C.
The maximum heating temperature Tmax provided
by the heating means 10 must be selected so as to avoid
substantial reduction, due to evaporation, in the quan-
tity of lubricating and cooling liquid medium applied to
the surface of the tubular stock 15 in consideration of
otherwise possible invitation of increase in the shaping
torque an in difficuity in the shaping. On the other hand,
selection of the cooling temperature Tc¢ at the cooling
means 11 must be higher than that at which the detri-
mental formation of frost at the stock edges 4, 4 is liable
to occur, in the case where the longitudinal edges of the
tubing stock 1) are welded by TIG welding.

With such positive cooling of the edge zones includ-
ing the edges 4, 4 in the aforementioned manner, the
resulting temperature distribution is such as indicated in
FI1G. 7, showing a nearly rectangular profile without a
temperature rise and with a larger temperature differ-
ence AT for inducing thermal stresses than those in
conventional comparative cases. Again, symbol “O”
represents the lower central position of the tubing
stock, while symbol “P” represents the extreme end of
the edge zone in a cross-section of the tubular stock 1b.

As was referred to above, the temperature difference
AT can be substantially increased according to the pres-
ent invention, resulting in a considerable further reduc-
tion in the residual compressive stresses in the edge
zones including edges 4, 4 in comparison with those
appearing in conventional cases. Therefore, in the case
of the inventive method and apparatus, even if the metal
strip stock should have a rather thin wall thickness,
seam-welded metal tubing can be manufactured contin-
uously without conventional problems caused by edge
wavings or buckling in an optional manner.

In FIG. 8, a first modification of the foregoing em-
bodiment 1s shown. In this case, the heating means 10 1s
separated into several heating units 10q, 105 . . ., which
are arranged in parallel and circumferentially around
the tubing stock 1b. These units 10q, 1056 . . . are de-
signed and arranged to be separately controllable, al-
though not illustrated.

In the case of a second modification shown in FI1G. 9,
the cooling means 11, and a plurality of divided and
separated heating untts 10g, 106 . . . are staggered one
after another in the longitudinal direction of the tubing
stock 1b.

With use of these modified arrangements, substan-
tially similar effects can be obtained with the case of the
foregoing main embodiment.

Especially, with use of the second modification
shown in FIG. 9, wherein the cooling means 11 is ar-
ranged in the so-called finpass zone, the necessary tem-
perature difference AT can be realized in a more posi-
tive manner.

It will be thus clearly understood that with use of the
inventive method and apparatus wherein a substantial
body portion of the tubular strip stock with exception of
marginal edge zones thereof including the side edges is
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subjected to heating, while these zones are forcibly
- cooled, the effective temperature difference for genera-
tion of necessary thermal stresses to release otherwise
appearing excessive compression stresses in the mar-
ginal edge zones of the stock, giving rise to the so-called
edge wavings or buckling which are rather more re-
markable with a decrease of the thickness of the mate-
rial strip, can be made greater than in the conventional
cases, thereby assuring positively high quality metal
tubings in a reliable manner.

While the invention has been described with refer-
ence to the foregoing embodiments, it will be under-
stood by those skilled in the art that various changes
and modifications may be made thereto which fall
- within the scope of the appended claims.

What is claimed is:

1. A method of continuous production of a seam-
welded metal tubing, comprising the steps of:

feeding a metal strip unwound from a strip coil;

shaping the metal strip being fed into a preformed

tubing having its longitudinal edges arranged in an
opposing and abutting relationship, by means of a

- series of roll groups arranged substantially in line,

said roll groups including a finpass roll group for

shaping the strip preparatory to bringing said lon-

gitudinal edges into said opposing and abutting
relationship; =

welding the opposing and abutting longitudinal edges

at a position downstream of said finpass roll group
while the preformed tubing is being fed forward;
heating in the zone of the finpass roll group, before
the welding is carried out, a substantial part of said
preformed tubing being fed through the zone of
-said finpass roll group with exception of edge zones
including said longitudinal edges, to a temperature
approximately 50° to 200° C. higher than room
temperature; and
cooling in the zone of the finpass roll group concur-
rently with the heating said edge zones of the pre-
formed tubing being fed through said zone of the
finpass roll group to keep the edge zones at a tem-
perature of from room temperature to a tempera-
ture lower than the room temperature by approxi-
‘mately 50° C.

2. The method of claim 1, wherein the heating is
carried out at positions spaced apart circumferentially
of the tubing,

- 3. The method of claim 1, wherein the heating is
carried out at positions displaced both circumferentially
~ and longitudinally of the tubing.

4. An apparatus for continuous production of a seam-
welded metal tubing, comprising;:

a series of roll groups arranged substantially in line

for shaping a metal strip unwound from a strip coil
into a preformed tubing having its longitudinal

d
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cooling means arranged along said longitudinal edges
of the strip which are passing through the zone of
the finpass roll group, said cooling means being
disposed substantially in parallel to said heating
means for cooling said edge zones, when seen
transversely to said tubing.

5. The apparatus of claim 4, wherein said cooling
means and said heating means are arranged substantially
in a common circumferential plane of the preformed
tubing.

6. The apparatus of claim 4, wherein said heating
means and said cooling means are arranged in staggered
positions when seen transversely to said preformed
tubing.

7. The apparatus of claim 6, wherein said heating
means is divided into a plurality of heating units and
arranged circumferentially around the preformed tub-
ing.

8. The apparatus of claim 7, wherein said divided
heating units are arranged in a staggered manner when

- seen transversely to the preformed tubing.
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edges arranged in an opposing and abutting rela-

tionship, said roll groups including a finpass roll

group for shaping the strip preparatory to bringing

said longitudinal edges into said opposing and abut- |

ting relationship;

60

- means for welding the opposing and abutting longitu-

dinal edges of the strip at a position downstream of
said finpass roll group while said preformed tubing
1s being carried forward;

heating means arranged in the zone of said finpass roll
group for heating a substantial part of said pre-
formed tubing with exception of edge zones includ-
ing said longitudinal edges of said tubing; and

63

9. The apparatus of claim 4, wherein said cooling
means 1S an air jet cooler.
10. The apparatus of claim 4, wherein said cooling:

‘means 1S a water jet cooler.

11. The apparatus of claim 4, wherein said cooling
means is a liquefied nitrogen cooler.

12. An apparatus for continuous production of a
seam-welded metal tubing, comprising:

a series of roll groups arranged substantially in line
for shaping a metal strip unwound from a strip coil
into a preformed tubing having its longitudinal
edges arranged in an opposing and abutting rela-
tionship, said roll groups including a finpass roll
group for shaping the strip preparatory to bringing
said longitudinal edges into said opposing and abut-
ting relationship; |

means for welding the opposing and abutting longitu-
dinal edges of the strip at a position downstream of
said finpass roll group while said preformed tubing
is being carried forward;

means comprising heating means and cooling means
for increasing a temperature difference between a
central zone located in the longitudinal center of
the strip and edge zones located along the longitu-
dinal edges of the strip so that the central zone is at
a higher temperature than the edge zones to reduce
residual compressive stresses in the edge zones and
thus reduce buckling in the edge zones;

said heating means arranged in the zone of said fin-
pass roll group for heating a substantial part of said
preformed tubing with exception of edge zones
including said longitudinal edges of said tubing;
and

said cooling means arranged along said longitudinal

~ edges of the strip which are passing through the
zone of the finpass roll group, said cooling means
being disposed substantially in parallel to said heat-
ing means for cooling said edge zones, when seen
transversely to said tubing.

13. The apparatus of claim 12, wherein said cooling

means and said heating means are arranged substantially

in a common circumferential plane of the preformed
tubing.

14. The apparatus of claim 12, wherein said heating
means and said cooling means are arranged in staggered
positions when seen transversely to said preformed
tubing.
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15. The apparatus of claim 14, wherein said heating 17. The apparatus of claim 12, wherein said cooling
means is divided into a plurality of heating units and means is an air jet cooler.
arranged circumferentially around the preformed tub- 18. The apparatus of claim 12, wherein said cooling
ng. means is a water jet cooler. .

16. The apparatus of claim 15, wherein said divided 5  19. The apparatus of claim 12, wherein said cooling
heating units are arranged in a staggered manner when means 1S a liquefied nitrogen cooler.
seen transversely to the preformed tubing. ¥ F * x &
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